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Virtual Reality and 3D Printing for Craniopagus Surgery
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Purpose Surgery for separating craniopagus twins involves many critical issues owing to complex anatomical features. We
demonstrate a 3D printed model and virtual reality (VR) technologies that could provide valuable benefits for surgical planning
and simulation, which would improve the visualization and perception during craniopagus surgery.

Material & Methods  We printed a 3D model extracted from CT images of craniopagus patients using segmentation software
developed in-house. Then, we imported the 3D model to create the VR environment using 3D simulation software (Unity, Unity
Technologies, CA). We utilized the HTC Vive (HTC & Valve Corp) head-mount-display for the VR simulation.

Results We obtained the 3D printed model of craniopagus patients and imported the model to a VR environment. Manipu-
lating the model in VR was possible, and the 3D model in the VR environment enhanced the application of user-friendly 3D
modeling in surgery for craniopagus twins.

Conclusion The use of the 3D printed model and VR has helped understand complicated anatomical structures of craniopagus
patients and has made communicating with other medical surgeons in the field much easier. Further, interacting with the 3D
model is possible in VR, which enhances the understanding of the craniopagus surgery as well as the success rate of separation
surgery while providing useful information on diagnosing and surgery planning.
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Introduction

Craniopagus is rare and the degree of attachment is diverse.
Since there may be many other anatomical abnormalities, in-
cluding shared venous system or scalp and skull defects, pre-
cise inspection is necessary (1). 2D imaging such as magnetic
resonance imaging (MRI) or computerized tomography (CT)
have a limited viewing angle and may obscure spatial relation-
ships. However, 2D images can be easily transformed to 3D vol-

ume images on a computer screen. The limitations of an angled
or curved surface can be partly overcome by lighting, perspec-
tive, and shading effects. These can be helpful in visualizing re-
alistic volume displays; however, the perception of structures is
still limited. For presenting the fine details and for an in-depth
understanding of the structures, a variety of stereoscopic displays
are widely used in medical applications such as diagnosing, pre-
operative-planning, minimally invasive surgery (MIS), teach-
ing, and training (2).
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Some of today’s surgical separations utilize a solid 3D model
for diagnosing and pre-operative planning and communica-
tion with medical experts (3, 4, 5, 6). A physical model provides
actual distance and scale, which increases the understanding
of complex anatomical structures.

Virtual reality (VR), a 3D visualization system in a virtual
environment, has proven to be useful in medical applications
(8). This technology facilitates the education of medical proce-
dures, diagnoses, and attainment of knowledge of the human
body by interacting with a 3D model, which can be resized
and reused (9). In fact, surgery for separating craniopagus
twins is an ideal field in which VR can be employed because
the shape of conjoined cranium varies, and the internal struc-
ture requires detailed observation.

This study constructs a 3D printed model and VR environ-
ment using CT images of craniopagus patients to overcome the
issues associated with the traditional visualization systems of
medical data.

Materials and Methods

The CT images of craniopagus patients were exported in DI-
COM format, and a 3D model was developed using segmenta-
tion software (Mimics, Materialise, Belgium). This model was
saved as an STL file to print the 3D model and was simulated in
virtual reality software (Unity, Unity Technologies, CA).

3D Printing

The craniopagus model was printed at a 1:1 scale using an
Object260 Connex3 (Stratasys, Eden Prairie, MN) with mate-
rial VeroWhite to resemble a realistic skull.

Virtual Reality Simulation

The 3D printed model is imported to Unity to create a virtual
environment. C# programming language was used in Unity to
build interface functions. The device used for the simulation was
HTC Vive (HTC, Valve Corp.).

Similar to the 3D printed model, the novel user interface was
built to allow certain interaction functionality using a control-
ler, which included the freedom to manipulate and separate
parts of the geometry. The “Grip button” of the controller con-
nects the object and the controller, so practitioners may ascer-
tain when they grab the model. The collider event is utilized to
detect collision between the structure and the controller. Fur-
ther, to control the model’s position through a physics simula-
tion, a Rigidbody component should be included. “Use Gravity”
was checked and “Is Kinetic” was unchecked for this simulation.

Mesh splitting is implemented by pressing the “Trigger” but-
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ton of the controller. The start point of the cutting line is set when
the “Trigger” button is pushed down, and it ends when the “Trig-
ger” button is released. The cutting plane includes the cutting
line and is parallel to the viewing direction of the camera. Con-
tinuous slicing is available and the sliced pieces contain the same

attributes as the original.

Results

Separation of craniopagus twins is a tremendous challenge
largely because of their complex and unusual anatomy. Sur-
geons using the virtual reality simulation make use of improved

3D visualization and can interact with the structure.

Fig. 1. A-D: 3D printed model of a craniopagus patient. The print-
ed model can provide rich information compare to the traditional
medical data visualization system.



3D printing illustrates how physical modeling can help enhance
the perception of the anatomical structure to medical specialists.
Seeing the exact size and shape of the tactile structure makes com-
municating with others involved much easier (Fig. 1).

The developed VR system has the capacity to represent the
3D anatomical structure of a craniopagus skull in an interac-
tive VR environment. Functionalities were added to enhance
interaction with the model such as grabbing and cutting. View-
ers can navigate the structure from multiple viewpoints, and
take a closer look when the “Grip” button is activated. The “Trig-
ger” button generates the cutting line, and the object is split
down the line. The sliced parts can also be explored using the
“Grip” button. Subsequent additional cutting is also possible
(Fig. 2).

This system strives to provide customizable and accessible
functionalities. The virtual reality anatomy system can be cus-
tomized based on the viewer’s preference, as the model is not
limited to a specific size, viewpoints, or cut parts. Through these
characteristics, the following benefits are obtained: help in un-
derstanding of the complex craniopagus structure; increase in
the details of the craniopagus skull; ability to cut the structures
through a cutting plane. Moreover, each function is easy to han-
dle because only a single button needs to be pressed for manip-

ulation.
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Discussion

The brains of conjoined twins within a single cranial cavity
are unusual and its shape is diverse. There are some points to
consider during the separation procedure. With regard to scalp
and dural cover, the position and shape of the skin incision is
important (3, 5). Without proper closure, fluid leakage or infec-
tion may occur. Visualization of the anatomy in 3D clearly shows
the surgeons the shared bone and brain, which allows surgeons
to better understand how it is twisted or attached to each other.

Another critical factor in the surgery is the shared venous sys-
tem. Anomalous venous drainage is a critical factor that deter-
mines fetal survival (1, 3, 5, 6).

Virtual reality is widely used in the medical field. It can pro-
vide more than just a realistic and modifiable visualized model.
Surgeons can implement their operation plan and predict the
result. Scalp Incision and closure can be performed virtually. A
guided incision line may suggest the optimized coverage area.
Further, regarding a shared venous system, venous system di-
vision while observing the resulting blood drainage, blood
flow, and junction may be possible.

el

the sliced model. D: Internal surface of the sliced model.
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Fig. 2. A-D: 3D model in VR environment. A: The model is grabbed by the controller. B: Cutting plane is created. C: External surface of
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Conclusion

The work presented in this paper shows how a 3D printed
model and virtual reality system can be helpful in the surgery
for separating of craniopagus twins. The 3D techniques discussed
for anatomical analysis provide improved visualization and in-
teraction with complex anatomy, surgical rehearsal, customiza-
tion, and precise communication between medical specialists.

Developing the VR anatomy system will improve model ma-
nipulation and provide anatomical information for each stage
of the surgery procedure.
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